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',0..--. Introduction
Surveys that capture the population's
need for health and social services often
produce reliable estimates at the national
levcl onlv. Planning efforts that focus on
statc and local needs are therefore fre-
quently hindered by inadequate or nonex-
istent data. Because financial constraints
often preclude direct assessment of indi-
viduals at the state or local level. the
National Ccnter for Health Statistics has
undertaken a number of cfforts to facili-
tatc the production of small-area esti-
mates from its national surveys.
This paper presents the results of
one such effort. We usc national preva-
lencc rates of the disabled population
from the 1989 National Health Interview
Survey (NHIS) to produce log-linear
regression models that can bc used to
generate synthetic estimates for states
and other local areas.
The Concept ofDisability
Disabilitv refers to an individual's
d. Rka&5r physical or mental inability to perform or
-..-.- limitation in performing sociallv expected
ict4ty ^ roles or activities.' Thus, pcople with
simllar underlying pathologies. phvslcal
"ta Xm impairments. or limitations may present
1>a.". 3 with varving degrees and dimensions of
-;* disability. Although from some clinical
perspectives it may be the presence of
ii>:pIeto these underlying pathologies, impair-
C~iJ1t-; ments, and limitations that are of interest.
from a health and social serviccs planning,
financing, and delivery perspective, it is
the prevalence of associated disabilities
that are of interest.
Increases in physical disabilitv have
been associated most often with advanced
^. -^.;;: age. -19 Other correlates of disabilitv that
*~~~~~~~~~~~~~~~~~~~~~~~~~~2 5 7-- ...(.I....7 82, 2 ... :u- - have been noted include sex,? 1ft1.15(2.1
race 4 1 the presence of medical
conditions and other indicators of hcalth
status, 11.1"-" education.6l'J and marital
status or other measures of social sup-
port.-)4l1.l9.21l2123 A number of re-
searchers havc also found a relationship
between disability and economic condi-
tions, including income, the receipt of
income transfers, and employment sta-
tus. ) 1.14.122.24-21
Data Sources and Variable
Construction
Data Soiurces
Three data sources were uscd for this
project: the 1989 NHIS21; the 1991 Arca
Rcsourcc Filc system29: and 1989 intercen-
sal population data.311 County identifiers
available on the NHIS wcre used to
supplement each participant's record with
variables available in the Area Rcsourcc
Filc that reflected charactcristics of the
county in which the participant resided.
Models werc estimated on this mcrged
individual-level data set. Intercensal popu-
lation data for 1989 were uscd to calculate
synthetic estimates.
Depenident Vatiable
Activity limitation on the NHIS rc-
fcrs to a long-term reduction in a personIs
Jennifer Elston Lafata is with the Center for
Health System Studies. Henry Ford Health
System, Detroit. Mich. Gary G. Koch is with
the Department of Biostatistics, School of
Public Health, University of North Carolina at
Chapel Hill. William G. Weissert is with the
Department of Health Services Management
and Policy. School of Public Health, University
of Michigan. Ann Arhor.
Requests for reprints should be sent to
Jennifer Flston Lafata. PhD, Center for Health
System Studies. Henry Ford Health Syrstem. 1
Ford Place, 3A. Detroit, MI 48202-3450.
This paper was accepted March 4, 1994.
Editor's Note. See related editorial bv
Patrick (p 1723) in this issue.
American Journal of Public Health 1813NoveWr 1994,Vo1.84, No. 1
Lafata et al.
capacity to perform the major activity
associated with his or her age group.
"Major activity" is defined as playing for
children younger than 5 years, attending
school for children aged 5 through 17
years, working or keeping house for adults
aged 18 through 64 years, and living
independently for adults aged 65 years
and older. Each individual is classified
according to degree of limitation: (1)
unable to perform major activity; (2) able
to perform major activity but limited in
kind or amount of this activity; (3) not
limited in major activity but limited in
kind or amount of other activities; or (4)
not limited in any way.
We classified individuals by whether
they were limited in their major activity
(groups 1 and 2), limited in other activity
(group 3), or not limited in anyway (group
4). The result was a three-level dependent
variable coded 0 if the individual was
limited in major activity, 1 if the individual
was limited in other activity, and 2 if the
individual was not limited.
Explanatory Variables
Because synthetic estimates are pro-
duced by multiplying regression-adjusted
subgroup national rates (where subgroups
are defined by regression covariates) by
their corresponding population size, the
choice of explanatory variables for our
regression models was limited to variables
available on the NHIS for which popula-
tion distributions could be obtained for
states and other small areas. Although
this concordance limits our explanatory
variables to age in 5-year intervals, sex,
race, and their interactions at the indi-
vidual level, it does not preclude the
addition of community-specific variables.
Using the most recent county charac-
teristics available in the Area Resource
File, we were able to compile data
reflective of the late 1980s. These data
included per capita income (1988), unem-
ployment rate (1989), the percentage of
the total population residing in poverty
(1979), the age-adjusted death rate (1987),
the number of short-term general hospi-
tals and hospital beds per population
(1989), the number of general practitio-
ners and primary care physicians per
population (1989), the total number and
number of unoccupied nursing home beds
per population (1986), population density
(1980), and the percentage of the popula-
tion residing in an urban area (1980).
(Although poverty rates were not avail-
able after 1979 and population density
information was available only for 1980,
correlations of these variables with state-
level 1990 census data that have since
become available indicate a high degree
of collinearity.) Because the use of con-
tinuous variables overly complicates the
production of synthetic estimates, each of
the community variables was collapsed
into a three-level categorical variable
(using the top and bottom quartiles as
cutpoints) prior to model development.
Methods
Statistical Methods
Preliminary statistical evaluations re-
vealed the inappropriateness of using
ordered logistic regression models to
estimate activity limitation. Instead, the
PC-SAS procedure PROC CATMOD31
was used to fit a log-linear model. Given
the three-category dependent variable,
two sets of parameter estimates were
produced: one for the logged ratio of
major-activity limitation to no activity
limitation and one for the logged ratio of
other-activity limitation to no activity
limitation.
Because the dependent variable (type
of usual activity in which an individual is
limited) changes with age, we investigated
the need for separate models for each age
group. This was done by developing three
separate models: one for children (birth
through 19 years of age) one for adults
(aged 20 through 64 years), and one for
older adults (65 years of age and older).
The model results indicated that the
structures of the models differed by age
group and thus supported the need for
three separate models.
Design Effect
To generate accurate variance esti-
mates and significance levels, it was
necessary to account for the complexity of
the sample design employed by the NHIS.
For dichotomous outcomes, the magni-
tude of the sample design effects can be
calculated by computing the ratio of the
variances generated from a procedure in
SUDAAN (software for survey data)32 to
those generated from the SAS procedure
PROC LOGISTIC.33
Because the version of SUDAAN
available at the time our analysis was
conducted did not have the ability to
account for a multinomial dependent
variable, we fitted two separate logistic
regression models to evaluate the sam-
pling design effects. The first reflected
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TABLE 1 -Regression Results: Predictors of Activity Limitation among US
Noninstitutionalized Persons Aged Birth through 19 Years
Log (Probability of Log (Probability of
Major-Activity Other-Activity
Limitation/Probability of Limitation/Probability of
No Limitation No Limitation)
Variable Coefficient SE Coefficient SE x2 df
Agea 184.58* 6
Birth-4 y -0.6896 0.0717 -0.7783 0.1170
5-9 y 0.2126 0.0499 -0.1910 0.0898
10-14 y 0.2566 0.0508 0.3720 0.0770
Sexb 0.2142 0.0325 0.1578 0.0523 51 .64* 2
Racec -0.0442 0.0374 -0.0764 0.0592 2.98 2
Povertyd 0.1674 0.0410 0.0393 0.0624 16.93* 2
Age x Sexe 26.99* 6
Birth-4 y 0.0267 0.0717 0.0417 0.1170
5-9 y 0.0458 0.0499 0.1707 0.0898
10-14 y 0.1158 0.0508 -0.0063 0.0770
Intercept -3.4739 0.0629 -4.2814 0.0957 4933.44 2
Note. Lack-of-fHt x2 = 92.65, df = 76, P = .09.
Model X2 = 285.89, df = 18, P < .001.
aCoefficients for age correspond to explanatory variables, which take the value 1 for the indicated
category, -1 for the omitted (or reference) category (age 15-19 y), and 0 otherwise.
bMales coded 1; females coded - 1.
cWhites coded 1; Blacks, Hispanics, and others coded -1.
dCounty poverty rate of less than 8.6 coded 0; greater than or equal to 8.6 and less than 13.6 coded
1; greater than or equal to 13.6 coded 2.
eCoded as the product of age and sex.
*P < .001.
Small-Area Estimates
limitation in major activity vs no limita-
tion, and the second reflected limitation
in other activity vs no limitation.
The results showed that design ef-
fects (i.e., the ratio of variances resulting
from SUDAAN to those resulting from
PROC LOGISTIC) for all estimated
parameters including the intercept ranged
from 0.94 to 1.87, with a median value of
1.23. Thus, reported chi-square test statis-
tics from the CATMOD procedure are
probably inflated by an average of approxi-
mately 20%. However, given the high
level of significance (i.e., P < .001) of the
main effects in our models, accounting for
the design effect in general would not
alter our results or conclusions. In fact,
accounting for the design effects would
only serve to improve the lack-of-fit
statistics and to enhance the case for




Tables 1, 2, and 3 present our model
findings for children, adults, and older
adults, respectively. Each of the three
models includes age, sex, and race. Be-
cause inclusion of all available contextual
variables would considerably complicate
the calculation of synthetic estimates, we
elected to drop nonsignificant contextual
variables from our models.
The need for pairwise and three-way
interactions among all significant main
effects in each of the three models was
also evaluated. As with the community
variables, nonsignificant interactions were
eliminated from our models to facilitate
the generation of synthetic estimates.
We also evaluated whether commu-
nity variables that showed a linear effect
would be more appropriately managed as
class variables. Although it provided no
improvement in the child and older adult
models, managing the community vari-
ables as class variables did allow some
simplification of the adult model: It
allowed us to eliminate a community
pairwise interaction term. Thus, in the
adult model all variables are managed as
class variables; in the child and older adult
models all variables are managed as class
variables except the community variables,
which, although categorical, are managed
as linear variables.
For both the child and older adult
models, the lack-of-fit statistic (i.e., the
likelihood ratio in the analysis-of-variance
tables for variation not encompassed by
model components) is nonsignificant, sup-
TABLE 2-Regression Results: Predictors of Activity Limitation among US
Noninstitutionalized Persons Aged 20 through 64 Years
Log (Probability of Log (Probability of
Major-Activity Other-Activity
Limitation/Probability Limitation/Probability
of No Limitation) of No Limitation)



















































































-0.1626 0.0246 -0.0222 0.0364
0.0551 0.0182 0.0443 0.0280
0.1928 0.0231 0.1264 0.0361





















































Note. Lack-of-fit X2 = 632.52, df = 528, P < .001.

































































Ukelihood ratio: intercept only 4096.72 606 df
Likelihood ratio: lack of fit 632.52 528 df
3464.20 78 d
aCoefficients for age correspond to explanatory variables, which take the value 1 for the indicated
category, -1 for the omitted (or reference) category (aged 60-64 y), and 0 otherwise.
bMen coded 1; women coded -1.
CWhites coded 1; Blacks, Hispanics, and others coded - 1.
dCounty unemployment rate of less than 4.1 coded 0; greater than or equal to 4.1 and less than 6.3
coded 1; greater than or equal to 6.3 coded 2.
eCounty per capita income of less than $13 682 coded 0; greater than or equal to $13 682 and less
than $18 790 coded 1; greater than or equal to $18 790 coded 2.
fCoded as the product of age and sex.
gCoded as the product of age and race.
hCoded as the product of sex and race.
'Coded as the product of age, sex, and race.
*P < .001; **P < .01; ***P < .10.
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TABLE 3-RegressIon Results: Predictors of Activity Limitation among US
Noninstltutionalized Persons Aged 65 Years and Older
Log (Probability of Log (Probability of
Major-Activity Other-Activity
Limitation/Probability of Limitation/Probability of
No Limitation) No Limitation)
Variable Coefficient SE Coefficient SE x2 df
Agea 1016.96* 8
65-69 y -1.2347 0.0527 -3.8027 0.2676
70-74 y -0.4529 0.0495 0.8951 0.0787
75-79 y 0.0537 0.0497 0.9322 0.0817
80-84 y 0.4680 0.0579 0.9983 0.0895
Sexb -0.1398 0.0274 -0.0729 0.0719 26.22* 2
Racec 0.3151 0.0385 0.0428 0.0489 68.47* 2
Unemployment 0.1183 0.0404 0.0540 0.0430 8.97** 2
rated
Per capital incomee -0.2120 0.0401 -0.1372 0.0426 32.55* 2
Age x Sex' 16.79*** 8
65-69 y 0.0014 0.0526 -0.6062 0.2676
70-74 y 0.0822 0.0495 0.2635 0.0787
75-79y 0.0694 0.0497 0.1906 0.0817
80-84 y -0.0928 0.0579 0.1225 0.0895
Intercept -0.9789 0.0821 -1.9504 0.1123 380.29 2
Note. Lack-of-fit X2 = 308.94, df = 298, P = .32.
Model X2 = 1381.70, df = 24, P < .001.
aCoefficients for age correspond to explanatory variables, which take the value 1 for the indicated
category, -1 for the omitted (or reference) category (aged 85 y and older), and 0 otherwise.
bMen coded 1; women coded -1.
cWhites coded 1; Blacks, Hispanics, and others coded -1.
dCounty unemployment rate of less than 4.1 coded 0; greater than or equal to 4.1 and less than 6.3
coded 1; greater than or equal to 6.3 coded 2.
eCounty per capita income of less than $13,682 coded 0; greater than or equal to $13,682 and less
than $18,790 coded 1; greater than or equal to $18,790 coded 2.
fCoded as the product of age and sex.
*P < .001; **P < .01; ***P < .10.
porting the fit of the models. The signifi-
cance of the lack-of-fit statistic for the
adult model is not surprising. It is a
common occurrence when estimating such
relatively simplified models on large indi-
vidual-level data sets. It should be noted,
however, that when decreased relative to
the previously noted 20% design effect for
the sample, this test statistic becomes
reasonably supportive of goodness of fit.
Model Findings
In general, our child model shows
that the probability of limitation in major
activity is greater for males. We also
found that rates of major-activity limita-
tion increase with age until age 15 for
males and age 10 for females. Not
surprisingly, the likelihood of major-
activity limitation also increases as the
percentage of the population residing in
poverty increases. Similar patterns are
present for limitation in other activities.
For adults, the patterns are more
complicated. Men and women of races
other than White tend to report greater
rates of major-activity limitation than do
Whites, but no consistent pattern emerges
by sex. Major-activity limitation rates
generally rise with age and increase as per
capita income falls and unemployment
rises.
In general, the likelihood of a limita-
tion in other activities is greater for
women than it is for men in the adult
population. Although other-activity limita-
tion tends to be greater among White men
than among men of other races, no
consistent pattern emerges between the
races for women. Reported rates gener-
ally rise with age and increase as per
capita income falls and unemployment
rises.
Among older adults, the likelihood
of major-activity limitation is greater for
women and minorities and increases with
age. The rates of major-activity limitation
also increase as the per capita income of
the community decreases and as the
unemployment rate increases.
The likelihood of a limitation in
other activities among older adults is
greater for women until age 70, after
which it is greater for men. Although the
likelihood is nearly the same for all races
prior to age 75, after age 75 the likelihood
is greater among Whites. We also found
that the likelihood of other-activity limita-
tion increases with age until age 75 for
men and age 80 for women and that it




The regression equations in Tables 1
through 3 can be used to estimate joint
rates of activity limitation for the cross-
classifications of age, sex, and race for
each status of the community variable(s).
To calculate synthetic estimates, each
regression-adjusted joint rate is multi-
plied by county population counts for
corresponding age, sex, and race popula-
tion cells. The resulting age, sex, and race
county population subtotals can then be
summed to arrive at a synthetic estimate
for a state. (Tables presenting high, low,
and point state estimates by level of
limitation for children, adults, and older
adults are available from the authors.)
Model Simplification Efforts
Although our results indicated the
statistical appropriateness of including
pairwise and, in the adult model, three-
way interactions, their inclusion overly
complicates model interpretation and may
make little substantive difference in the
magnitudes of the synthetic estimates
produced. To evaluate the effect of these
interactions on the synthetic estimates
generated, we compared synthetic esti-
mates (at both the state and county level)
generated from models that included
interactions with those generated from
models that excluded interactions.
We did this by regressing all county-
level synthetic estimates generated with
interactions on those generated without
interactions and evaluating the residuals
and the influence of outliers. Although
some observations fell outside 10 stan-
dard deviations, the actual magnitude of
this difference was substantively negli-
gible (i.e., SD = .000264).
We also calculated the percentage
difference between the two sets of syn-
thetic estimates. Univariate descriptions
of these difference variables indicated
that at the state level the percentage
difference between the two estimates is
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Small-Area Estimates
less than 1% in all states except Hawaii,
where the difference is 1.6%. Although
differences at the county level are less
than 1% on average, they are of course
slightly higher than the state estimates at
the extremes. However, 90% of the
county estimates were within 1% of each
other.
Given that no substantive differences
were found between the synthetic esti-
mates produced with and without interac-
tions, one might conclude that the model
without interactions is sufficient for the
generation of synthetic estimates. Such a
conclusion is further supported when
sampling design effects are considered:
Interactions tend to be the least signifi-
cant variables included in our models.
(Regression model results excluding in-
teraction terms are available from the
authors.)
Discussion
Our findings indicate that activity
limitation can be effectively modeled with
a relatively small number of variables:
age, sex, race, and measures reflective of
the socioeconomic status of the commu-
nity in which an individual resides. Al-
though our modeling efforts indicated the
need for pairwise interactions and, in the
case of the adult population, a three-way
interaction, their inclusion does little to
substantively alter the magnitude of the
synthetic estimates generated.
Despite the goodness of fit of our
models, the synthetic estimates generated
by these models should be used with some
caution. Any subnational synthetic esti-
mates produced assume that the relation-
ship between activity limitation and race,
sex, age, and community variables is the
same within small areas as it is at the
national level. Therefore, communities
where there is an unusually healthy
retirement-age population (e.g., many
communities in Florida) should not use
such estimates without appropriate
considerations.
Users can apply the rates generated
from the 1989 NHIS to 1990 and later
census data to generate more up-to-date
estimates. However, such an application is
based on the assumption that age, sex,
race, and community-specific rates did
not change between 1989 and 1990 and
will not change between 1989 and future
years.
For resource planning, one shortcom-
ing of these estimates is that they encom-
pass only the noninstitutionalized popula-
tion and are therefore not reflective of
total community needs. Because rates of
institutionalization vary across geographic
areas, synthetic estimates for areas with
extremely high or low rates of institution-
alization may not be accurate. However,
we did test the need for including the
supply of total and unoccupied nursing
home beds in our models, and neither
variable was statistically significant. O
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